• The risk of recurrence in patients with VTE provoked by minor transient or persistent risk factors is uncertain.
Introduction
Venous thromboembolism (VTE), which includes deep vein thrombosis (DVT) and pulmonary embolism (PE), is the third most common cause of death worldwide.
1,2 Anticoagulation therapy is the mainstay of treatment of VTE, but the optimal duration of such treatment is uncertain. [3] [4] [5] [6] Current guidelines recommend that the decision to extend treatment beyond 3 months be based on the balance between the risk of recurrence if treatment is stopped and the risk of bleeding with continued treatment. 6, 7 Patient preference also needs to be considered.
A 3-to 6-month course of anticoagulation therapy is adequate for VTE provoked by major transient risk factors such as surgery or trauma, 6, 7 whereas extended anticoagulation is suggested for patients with VTE that is related to cancer or unprovoked unless the risk of bleeding is high. 6, 7 VTE is considered to be unprovoked if it occurred in the absence of recent surgery or trauma, active cancer, or with pregnancy or estrogen use. 6, 7 The term unprovoked VTE is preferred over idiopathic VTE because of the recognition that nonenvironmental risk factors, such as older age 8 or male sex, 9 influence the risk of recurrence. Furthermore, the definition of provoked VTE has evolved with identification of additional risk factors, including prolonged travel, 10 inflammatory bowel disease, [11] [12] [13] lower extremity paralysis or paresis, 14 congestive heart failure, 15 body mass index .30 kg/m2, 16 and renal impairment. 17 Therefore, it is now recommended that provoked VTE be further classified depending on whether risk factors are major or minor and persistent or transient. 6, 7 For this classification to be useful, however, more information is needed on the risk of recurrence if anticoagulation is stopped in these categories of patients. To address this, we estimated the 1-year cumulative risk of recurrent VTE according to individual patient baseline risk factor profiles using data from the Once-daily Oral Rivaroxaban versus Placebo in the Long-term Prevention of Recurrent Symptomatic Venous Thromboembolism (EINSTEIN-EXTENSION, www.clinicaltrials.gov #NCT00439725) and Reduced-dose Rivaroxaban in the Long-term Prevention of Recurrent Symptomatic Venous Thromboembolism (EINSTEIN-CHOICE, www.clinicaltrials.gov #NCT02064439) trials, 18, 19 which compared once daily rivaroxaban (20 mg or 10 mg) with placebo or aspirin (100 mg) for extended treatment in patients with VTE who had completed 6 to 12 months of anticoagulation and with equipoise regarding the need for continued anticoagulation treatment. This prespecified analysis was possible because the same blinded committee was used in both studies to classify the index VTE as provoked by major or minor transient or persistent risk factors and to adjudicate outcome events.
Methods

Study design and oversight
EINSTEIN EXTENSION and EINSTEIN CHOICE were randomized, double-blind studies comparing the efficacy and safety of once daily rivaroxaban (20 mg) with placebo and once daily rivaroxaban (20 mg or 10 mg) with aspirin (100 mg), respectively, 18, 19 for extended treatment of VTE. Both trials were sponsored by Bayer Pharmaceuticals. Protocols were approved by the institutional review board at each participating center and have been published. 18, 19 Written informed consent was obtained from all patients. The sponsor collected and maintained the data; the academic authors had access to the data at all times through the sponsor. The same independent committee, whose members were unaware of the study group assignment, adjudicated the qualifying initial diagnosis (DVT or PE) and all suspected outcomes in both studies. Using information recorded on the case report forms, this committee also classified the index VTE as provoked by (a) major persistent risk factors (active cancer excluding basal cell or squamous cell skin cancer); (b) minor persistent risk factors (inflammatory bowel disease, lower extremity paralysis or paresis, congestive heart failure, body mass index .30 kg/m 2 , calculated creatinine clearance ,50 mL per minute, family history of VTE, or known thrombophilia, including deficiency of antithrombin, protein C, or protein S, factor V Leiden or prothrombin gene mutation, and antiphospholipid syndrome); (c) minor transient risk factors (immobilization, travel .8 hours, pregnancy, puerperium, or use of estrogen, or lower limb trauma with transient impairment of mobility); or (d) major transient risk factors (major surgery or trauma, or cesarean section). The details of this classification are included in the supplemental Appendix. Patients without any of these risk factors were classified as having unprovoked VTE. For all patients, a prior history of VTE was also recorded. Independent data monitoring committees periodically reviewed the study outcomes. 
Patients
The study details have been reported. [18] [19] [20] Briefly, patients were eligible for inclusion in the study if they were 18 years of age or older and if they had objectively confirmed, symptomatic proximal DVT or PE, had been treated for 6 to 12 months with an anticoagulant, and had not interrupted therapy for .7 days prior to randomization.
Patients were ineligible if they had a contraindication to continued anticoagulant therapy or if they required extended anticoagulant therapy at therapeutic dosages. For EINSTEIN CHOICE, patients requiring antiplatelet therapy also were ineligible. Additional ineligibility criteria included a calculated creatinine clearance ,30 mL per minute or hepatic disease associated with a coagulopathy. A full list of inclusion and exclusion criteria of both studies is provided in the supplemental Appendix. 17, 19, 20 Randomization Randomization for both studies was performed with the use of an interactive voice-response system. For EINSTEIN EXTENSION, patients were assigned in a 1:1 ratio to receive 20 mg of rivaroxaban or placebo once daily with food for 6 or 12 months at the discretion of the local investigator. For EINSTEIN CHOICE, patients were assigned, in a 1:1:1 ratio, to receive 20 mg of rivaroxaban, 10 mg of rivaroxaban, or 100 mg of aspirin, all given once daily with food. The intended duration of administration of study drug was 12 months, but patients randomized after the requisite number of primary efficacy outcomes was reached were treated for at least 6 months. Rivaroxaban (20 mg and 10 mg) and matching placebo were provided as identical-appearing, immediaterelease film-coated tablets, whereas aspirin and matching placebo were provided as enteric-coated tablets.
Outcome measures
The primary efficacy and safety outcomes were identical for both studies. The primary efficacy outcome was the composite of symptomatic recurrent VTE, VTE-related death, or unexplained death for which PE could not be excluded. Recurrent VTE included fatal and nonfatal PE and DVT, and the principal safety outcome was major bleeding (see supplemental Appendix for definitions). 17, 19, 20 
Statistical analysis
The incidence of recurrent VTE and major bleeding in the 2 rivaroxaban 20 mg groups and the rivaroxaban 10 mg group were similar. Therefore, the groups were combined for comparison of the incidence of recurrent VTE and major bleeding with those in the aspirin and placebo groups.
No formal sample size calculation was performed. However, with 41.4% of the patients classified as having unprovoked VTE, we estimated that a 50% decrease in the risk of recurrent VTE could be detected with a 2-sided type I error of 0.05 and a type II error of 0.10.
The analysis included randomized patients who took at least 1 dose of study medication. Recurrent VTE was considered during the entire study period, whereas major bleeding was considered during the time from administration of the first dose of study drug to 48 hours after administration of the last dose. The primary analysis 10 APRIL 2018 x VOLUME 2, NUMBER 7 RECURRENT VENOUS THROMBOEMBOLISM 791 A Firth-adjusted Cox proportional hazard model was used to estimate the influence of the presence or absence of a prior history of VTE, sex, and age on the incidence of recurrent VTE or major bleeding. The model was stratified for treatment (rivaroxaban, aspirin, or placebo) and presentation of the index event.
Results
Patients
A total of 4553 patients qualified for this analysis: 1188 from the EINSTEIN EXTENSION trial and 3365 patients from the EINSTEIN CHOICE trial. Of these, 2832 received rivaroxaban (10 or 20 mg), 1131 received aspirin, and 590 received placebo. Risk profiles could be assessed in all patients (Figure 1) , and the demographic and clinical characteristics according to risk profile and treatment assignment are provided in Table 1 . Characteristics for each risk profile were well matched across study arms. When comparing characteristics between risk profiles, patients with VTE provoked by minor transient risk factors were more often women and younger in age.
Patients with unprovoked VTE or VTE provoked by a major persistent risk factor Table 2 . Major bleeding in patients with unprovoked VTE occurred in 8 patients (0.7%) who received rivaroxaban, in 1 patient (0.2%) who received aspirin, and in none who received placebo ( Table 2 ). The differences in cumulative 1-year incidences were 0.5% (95% CI, 20.2% to 1.2%) in favor of aspirin, and 0.8% (95% CI, 0.2%-1.3%) in favor of placebo.
In patients with VTE provoked by a major persistent risk factor (ie, cancer), recurrent VTE occurred in none of the 82 (0%) patients who received rivaroxaban, in 2 of the 39 (5.1%) patients who received aspirin, and in 1 of the 26 (3.8%) patients who received placebo (Table 2) , whereas major bleeding occurred in none, 2 (5.1%), and none, respectively.
Patients with minor persistent risk factors
Recurrent VTE in patients with minor persistent risk factors occurred in 18 of the 1184 (1.5%) patients who received rivaroxaban, in 18 of the 466 (3.9%) patients who received aspirin, and in 17 of the 248 (6.9%) patients who received placebo ( Table 2 ). The corresponding cumulative incidences at 1 year with rivaroxaban, aspirin, and placebo were 2.4%, 4.5%, and 10.7%, respectively. The differences in cumulative incidences in favor of rivaroxaban were 2.2% (95% CI, 20.3% to 4.7%) vs aspirin and 8.4% (95% CI, 2.4%-14.3%) vs placebo. The incidences of recurrent VTE for each individual risk factor are provided in Table 3 .
Major bleeding in patients with VTE provoked by a minor persistent risk factor occurred in 2 patients (0.2%) who received rivaroxaban, and in Table 3 . Crude incidences of recurrent VTE and major bleeding according to individual minor persistent or transient risk factors none who received aspirin or placebo. The differences in cumulative incidences were 0.2% (95% CI, 20.1% to 0.4%) in favor of aspirin and 0.2% (95% CI, 20.1 to 0.4%) in favor of placebo. The incidences in each study arm are provided in Table 2 .
Patients with minor transient risk factors
Recurrent VTE in patients with minor transient risk factors occurred in 1 of the 268 (0.4%) patients who received rivaroxaban, in 4 of the 121 (3.3%) patients who received aspirin, and in 4 of the 56 (7.1%) patients who received placebo ( Table 2 ). The corresponding cumulative incidences at 1 year were 0.4%, 4.2%, and 4.2%, respectively. The differences in cumulative incidences in favor of rivaroxaban were 3.8% (95% CI, 20.4% to 8.0%) vs aspirin and 6.8% (95% CI, 0.0%-13.5%) vs placebo. The incidences of recurrent VTE for each individual risk factor are given in Table 3 .
Major bleeding in patients with VTE provoked by a minor transient risk factor occurred in 3 patients (1.1%) who received rivaroxaban and in none who received aspirin or placebo. The differences in cumulative incidences were 1.6% (95% CI, 20.3% to 3.6%) in favor of aspirin and 1.6% (95% CI, 20.3% to 3.6%) in favor of placebo. The incidences in each study arm are given in Table 2 .
Additional observations
The incidence of recurrent VTE was nonsignificantly higher in men than in women and in patients with a prior history of VTE than in those without (hazard ratio [HR], 1.14 [95% CI, 0.79-1.61], and HR, 1.33 [95% CI, 0.85-1.99], respectively). The incidences of recurrent VTE for patients with or without a prior history of VTE are presented in Tables 4 and 5 . None of the patients with major transient risk factors who received rivaroxaban (n 5 125), aspirin (n 5 37), or placebo (n 5 17) had recurrent VTE (Table 2 ).
Discussion
Patients with unprovoked VTE often receive extended anticoagulation, but many of those with provoked VTE do not. 5 The results of this study confirm that the risk of recurrent VTE is highest if anticoagulation therapy is stopped in patients with unprovoked VTE, and low if anticoagulation is stopped in patients with VTE provoked by a major transient risk factor such as major surgery or trauma. These findings justify current guidelines that suggest extended anticoagulation in patients with unprovoked VTE, but not in those with VTE provoked by a major transient risk factor. The novel finding of this study is that the annual risk of recurrent VTE is at least 7% if anticoagulation therapy is stopped in patients with VTE provoked by minor persistent or transient risk factors. In these groups, rivaroxaban reduced the risk of recurrent VTE by .75% compared with placebo.
Some strengths and limitations of our study deserve attention. To ensure uniformity and to reduce bias, risk factor profiles and efficacy and safety outcomes in both studies were centrally adjudicated by the same committee whose members were blinded to treatment allocation and outcome status. Although the sample size was large and patients with various risk factor profiles were included, those at highest risk for recurrence may be underrepresented because EINSTEIN EXTENSION and EINSTEIN CHOICE only enrolled patients with equipoise regarding the need for extended anticoagulant treatment. Therefore, the rates of recurrence in such patients may be higher than those reported in this study, but are unlikely to be lower. Only 147 patients with VTE provoked by a major persistent risk factor were included, likely reflecting reluctance to enroll patients with active cancer into studies where they may be randomized to aspirin or placebo. Although the small numbers limit the strength of any conclusions in this group, there were no recurrences in patients randomized to rivaroxaban. Likewise, few patients at high risk for bleeding were included so our findings may not apply to such patients. Finally, only well-documented risk factors for VTE were considered in our classification scheme, and other risk factors may also contribute to the risk of recurrence.
The results of this study have the potential to influence practice. First, they confirm that patients with unprovoked VTE benefit from extended anticoagulation therapy, whereas those whose VTE was provoked by major transient risk factors do not. 21 Second, they suggest that some patients with VTE provoked by minor persistent or transient risk factors may also benefit from extended anticoagulation therapy. Finally, regardless of whether VTE was unprovoked or provoked, rivaroxaban reduced the risk of recurrence and was associated with a major bleeding rate similar to those with aspirin or placebo. Therefore, with ease of use and the option to lower the dose from 20 mg to 10 mg once daily, 19 rivaroxaban is an attractive option for extended treatment of VTE.
In conclusion, our study shows that patients with VTE provoked by minor persistent or transient risk factors have a substantial risk of recurrence, and like those with unprovoked VTE, are likely to benefit from extended anticoagulation. Regardless of the risk profile, rivaroxaban is an effective and safe option for extended treatment.
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